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INTRODUCTION

As part of the remote sensing program of the NASA Earth Resources
Laboratory, a study of the currents in the eastern Gulf of Mexico is
being undertaken. The primary objective of this study 18 the develop-
ment of remote sensing techniques to be applied to studies of the world
oceans. Initially the study is being conducted utilizing the remote
sensing instrumentation aboard NASA aircraft. These aircraft studies
are being pursued in such a manner as to allow a logical progression
from aircraft data to satellite measurement of parameters found useful
in studying ocean systems from aircraft.

The eastern Gulf of Mexico is of particular interest dﬁe to the
existence of the "Loop Current'. The strong current which enters the
Gulf of Mexico through the Yucatan Strait and eventually exists through
the Florida Strait often develops a pronounced loop which extends into
the northern part of the eastern Gulf. Previous oceanbgraphic studies
(e.g., Leipper, 1970) appear to indicate that the Loop Current is a
seasonal phenomenon. ADu?ing the spring months, the Loop develops and
reaches its northernmost extent in late summer. In the fall of the year,
the Loop appears to detach itself from the main current and forms a gyre
which drifts in the northeastern portion of the Gulf and eventually
dissipates.

In order to observe the seasonal variations in the Loop, three exper-
iments were designed to be undertaken in November 1971, Fesruary 1972,
and May 1972 using the NASA RB57 and NP3A aircraft. The surface measurements

for the November 1971 (experiment #1) are reported elsewhere (Boudreau, 1971).



The analysis of the November experimental data is underway and will

be reported at a later date. Because of maintenance and scheduling

conflicts, the NASA aircrafts were not available for the planned

February 1972 (experiment #2) causing its cancellation. This report

contains the measurements made to assist in the analysis and inter-

pretation of remoteiy sensed data taken in the May 1972 (experiment #3).
Reported here are shipboard measurements which are to be used

as "ground truth"” for the remotely sensed data and include temperature,

salinity and chlorophyll, The temperature, salinity and chlorophyll

will be determined remotely using an infrared radiometer, a microwave

radiometer and a photographic technique, respectively. It was realized

at the outset of this series of experiments that it would be essential to

develop techniques for correcting the remotely sensed data for the effects

the atmosphere had on the radiation being detected by the remote sensor.

The surface measurements and the meteorological data presented here will

be used to determine the correction (Boudreau, 1972) to be applied to the

8-14 um sensor data due to the absorption and emission of 8-14 um

radiation by atmospheric constituents. The influence of the atmosphere

on remote sensing experiments should not be underestimated. 1In order

to remotely sense the sea surface from aircraft or satellite with

visible and infrared instruments, there must be no clouds in the field

of view of the sensor because clouds are nearly opaque to these wavelengths.
This experiment was scheduled for the first day during the period

9-14 May which had less than 30 percent cloud cover beneath the aircraft

and seas calm enough to allow small (40-65 ft) boats to make surface

measurements. The experiment was planned to cover the Southeastern Gulf

concurrently with the RB-57 at 60,000 feet and the NP3A at 25,000 feet

as shown on the front cover. However, due either to instrument mal-



function or the existance of widespread cirrus clouds, the RB-57
did not participate in the experiment, and the NP3A flew all the
flight lines in the manner shown in Figure 1. A cold front moved
into the northern part of the experiment area on May 9 and 10 (see
Figs.12 and 14) causing the experiment to be delayed until May 11.
On May 11, the front had become ill-defined and stationary in the
southern part of the experiment area. The southern half of the
experiment area was selected for overflight but the NP3A aborted
the experiment after only the southern-most line was flown because
the aircraft's data recording system failed. Because the incipient
wave on the front(Figs.l8 and 20) in the northern Gulf was forecast to
move the front into the northern part of the experiment area on May 13, it
was decided to attempt flying the northern half on May 12 despite
marginal (20 to 407) cloud conditions. The northern half was flown
on May 12 but not as planned; due to a navigation error the first
line flown was a diagonal between two adjacent, planned lines (Fig.l). Im
an attempt to compensate for this error, the next line flown was
parallel to the first. The remainder of the lines were flown as
originally planned.

On May 13, the NP3A began flying the southern half but had to
abort the experiment on the southern-most line because the aircraft's
data recording system failed again. The clouds associated with the
front which moved into the northern half of the experiment area (Fig.22) on
May 14 did not affect the southern half but due to aircraft maintenance
the start of the experiment was delayed until afternoon. The delay

resulted in only three of the planned four flight lines being flown.



In addition to the abservations made at the time of overflight,
the ground truth boats also took hourly observations of air and water
temperatuées going to, returning from, and while on their station.

All these observations are presented here together with maps showing

the boat tracks.



MATERIALS AND METHODS

Field measurements were made and water samples taken at eight
stations during Eastern Gulf of Mexico Experiment II (Figures 1-9 ).
Most of the participants also took measurements and samples enroute
to station and returning to port.

Two gallons of sample were taken with a bucket at each station
for chlorophyll and salinity analyses. These samples were taken as
near the surface as possible,

Water samples at each station were analyzed for chlorophyll by
using a sample volume of 2-8 liters, The technique used was essentially

that proposed by SCOR-UNESCO working group 17 in Determination of Photo-

synethetic Pigments in Sea-Water, UNESCO, Paris, 1969. Each water sample

for chlorophyll analysis was filtered through a millipore 0.45 micron
acetate filter. Samples from stations 1, 2, and 5 were filtered aboard
ship. The remaining chlorophyll samples were filtered at Sarasota,
Florida. Filters and their residue were frozen and then stored at Miss~
issippli Test Facllity at -15o C. Each filter and its residue was ground
in a teflon tissue grinder. Ninety percent acetone was used as the ex-
tracting agent. The acetone homogenates were stored in the dark for ten
minutes, then centrifuges at 2000 g for approximately eighty minutes
instead of the recommended ten minutes because the extract was too turbid.
The volume of each extract was recofded and the absorption spectrum of the
chlorophyll extract measured against a blank acetate filter dissolved in 907
acetone. The measurements were made on a Carey 17 Spectrophotometer.

The absorption spectra were indexed at 750, 663, 645 and 630 mu .

The absorption at 663, 645 and 630 ms was corrected by comparison with



Materials and Methods Cont'd.

the absorption of the '"reference blank" at 750 mp. These corrected
values are used in the following formula to determine chlorophyll A.
chl o = (11.64 xe663 - 2.16 xe645 + 0.10 xe630) x
ext (ml) x 1
vol (1) absorption cell
light path (cm)

where e

663 = absorption at 663 mu
€645 = absorption at 645 mj

€630

absorption at 630 mu
ext = extract volume
vol = volume of sample

Salinities were run with a Beckman Model RS-7B Induction Sal-
inometer. Standard(35 o/oo) sea water was used as a reference and
salinities were determined from the conductivity ratio of the sample
to that of the standard. Temperature and instrument drift corrections
were made according to the Beckman manual.

Surface water temperature measurements were made by taking
bucket samples and immersing a mercury bulb thermometer in the center
of the bucket. Stations 1, 2 used bucket thermometers manufactured by
InterOcean Systems.

Alr temperature measurements were also taken with mercury bulb
thermometers and were taken on the shady side of the boat as close as
possible to the water surface. |

Water transparency was determined with secchi disks.

Dew point values were obtained with sling psychrometers.



Materials and Methods Cont'd.

Water current measurements were taken with plastic bottles filled

to 3/4 capacity.

75 feet were measured.

Direction and time required for the bottle to travel

Wind speed, wind direction, and sea state observations were usually

estimated.

Below is a nomenclature list for data computations and listings made

with the Univac 1108.

Column

0O~ OVt W e

11
12
13
14
15
16
17

18

Abbreviation

STA NUM

SAMP NUMB

DAY

TIME EDT
LATITUDE
LONGITUDE

SALIN PTS/K
CHLOR PHY A MG/M

3

WATER TEMP C
AIR TEMP C
DEW PONT C
WIND SPD KN
WIND DIR
CUR KN

CUR DIR

SEA STA FT
PRTS5 TEMP C

REMARKS

Name
Station Number
Sample Number
Day of the Month
Time In Eastern Daylight Time
Latitude
Longitude
Salinity in Parts per Thousand
Chlorophyll A in milligrams per
meter cubed
Water temperature in Degree C
Alr temperature in degrees C
Dew point in degrees C
Wind speed in knots
Wind direction
Current speed in knots
Current direction
Sea state in feet
Precision Radiation Thermometer
temperature in Degrees C
Remarks
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